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Uncontrolled data suggest that the eradication
of superficial venous reflux in patients with normal
deep veins augments the healing and reduces the
recurrence of chronic venous ulceration.1-3
However, the benefits of venous surgery in
patients with deep venous disease are much less
certain, and, in particular, the value of interrupt-
ing incompetent perforating veins (IPVs) on the
medial aspect of the calf in an attempt to protect
the skin of the gaiter area from excessively high
deep venous pressures remains unproved.4-6
Because of the high incidence of wound-related
complications, open perforator ligation (Linton’s
and Cockett’s procedures) has largely been aban-
doned, despite some evidence that the operation
might be beneficial in patients with popliteal vein
reflux who have a poor prognosis.7 More recently,
interest in perforator surgery has been reawakened
by the ability to locate precisely medial calf perfo-
rators with color-flow duplex ultrasound scanning
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and by the advent of subfascial endoscopic perfo-
rator surgery (SEPS).8,9 Combining these tech-
niques means that reliable perforator ligation can
now be performed with the same level of morbid-
ity that would be expected after standard saphe-
nous vein surgery in this group of patients.10 This
study examined the relationship between the num-
ber, flow characteristics, and diameter of medial
calf perforating veins and the clinical severity of
chronic venous insufficiency (CVI) according to
clinical, etiological, anatomical, and pathological
(CEAP) grade.
PATIENTS AND METHODS
Color-flow duplex ultrasound scanning
(Ultramark 9, Advanced Technology Laboratories,
Bothell, Wash; 4-MHz linear array transducer) was
performed on 311 limbs (in 232 subjects) as a
means of determining the number, flow characteris-
tics, and diameter of medial calf perforating veins
and the presence of deep and superficial main stem
venous reflux and occlusion. The clinical groups
were 50 limbs that had no clinical or duplex evi-
dence of venous disease in the deep or superficial
venous systems (CEAP clinical group 0); 95 limbs
that had varicose veins, but no skin changes (CEAP
2/3); 58 limbs that were affected by lipoder-
matosclerosis, with no history of ulceration (CEAP
4); and 108 limbs that had a history of venous ulcer-
ation, active or healed (CEAP 5/6).
The deep and superficial (saphenous) venous sys-
tems were examined with the patient almost upright,
supported on a tilting examination table. Blood flow
was induced by means of a calf squeeze-and-release
Table I. Demographic characteristics of subjects in relation to clinical, etiological, anatomical, 
and pathological (CEAP) grade
CEAP clinical grade 0 2/3 4 5/6 P value
Subjects/patients 28 71 46 87
Men:women ratio 14:14 24:47 24:22 41:46 NS*
Limbs 50 95 58 108
Median age in years  (range) 49.5 (23 to 81) 54 (19 to 77) 58  (39 to 76) 64.5 (29 to 87) < .01†
* χ2 test.
†Kruskal-Wallis one-way analysis of variance. 
NS, Not significant.
Table II. The relationship between duplex findings and clinical, etiological, anatomical, 
and pathological (CEAP) grade
CEAP 0 2/3 4 5/6 P value
LSV reflux, n (%) – 82 (86%) 42 (72%) 74 (68%) NS
SSV reflux, n (%) – 18 (19%) 19 (33%) 39 (36%) .046*
SFV reflux, n (%) – 13 (14%) 11 (19%) 34 (31%) .014*
PopV reflux, n (%) – 14 (15%) 18 (31%) 53 (49%) .002*
PTV reflux, n (%) – 3 (3%) 12 (21%) 44 (41%) < .001*
Deep occlusion, n (%) – – – 11 (10%)
Number (%) of limbs with perforators demonstrating
Any flow 44 (88%) 90 (95%) 57 (98%) 106 (98%) < .01*
Only inward flow 41 (82%) 41 (43%) 9 (15%) 9 (8%)
Outward or bidirectional flow 3 (6%) 49 (52%) 48 (83%) 97 (90%) < .001*
Median number (IQR) of perforators per limb
All perforators 1 (1 to 2) 2 (1 to 3) 2 (1 to 3) 2 (2 to 3) < .001†
IPV only 0 1 (0 to 2) 1 (1 to 2) 2 (1 to 2) < .001†
Median diameter of perforators (mm)
All perforators 2 (1 to 3) 3 (2 to 4) 4 (3 to 5) 4 (3 to 5) < .001†
*χ2 test.
†Kruskal-Wallis one-way analysis of variance.
LSV, Long saphenous vein; SSV, short saphenous vein; SFV, superficial femoral vein; PopV, popliteal vein; PTV, posterior tibial vein; IQR,
interquartile range; IPV, incompetent perforating veins; NS, not significant.
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maneuver. Pathological reflux was defined as reflux
exceeding 0.5 seconds’ duration.11
Medial calf perforating veins were defined as ves-
sels situated between the medial subcutaneous bor-
der of the tibia and the posterior midline of the calf,
which were seen to cross the deep fascia and to con-
nect the deep venous system (usually posterior tibial
vein) with the superficial venous system. Medial calf
perforators were sought with the subject seated on a
couch with the legs dependent, hanging freely.
Each perforator was examined by the use of
color-flow Doppler and, when possible, the spectral
Doppler analysis functions of the machine. To our
knowledge, no standard technique for the examina-
tion of perforators exists in the literature. A vessel
was determined to be competent when it exhibited
only inward flow and to be incompetent (IPV) when
it was seen to allow deep to superficial (venous) flow,
whether flow was unidirectional outward or bidirec-
tional. The maximum diameter of the vessel (mil-
limeter) was also recorded. The lower limit of reso-
lution of the duplex scanner allowed detection of
perforators as small as 1 mm in diameter.
Statistical analysis was performed by using the
Statistical Package for Social Sciences (SPSS version
8.0; SPSS, UK). The χ2 test was used as a means of
examining the association between categorical vari-
ables. The Kruskal-Wallis one-way analysis of vari-
ance test was used as a means of examining whether
the medians of the outcome variables were signifi-
cantly different across CEAP grades. The Mann-
Whitney U test was used as a means of examining
the differences in perforator diameters between the
competent and incompetent perforator groups. In
all tests, a P value less than .05 was taken to be sig-
nificant, and P values are quoted when appropriate.
RESULTS
The demographic features of the four groups of
patients are summarized in Table I. The increase in
age across the clinical groups reached statistical sig-
nificance at the level of P < .01 (Kruskal-Wallis). The
relationship among the number, flow characteristics,
and diameter of medial calf perforating veins, super-
ficial and deep main-stem venous reflux, and the
severity of CVI are summarized in Table II.
Deteriorating clinical status was associated with a
significant increase in the prevalence of short saphe-
nous and deep venous reflux. In particular, a history
of open or healed ulceration (CEAP 5/6) was
Fig 1. Relationship between medial calf perforators imaged and clinical, etiological, anatom-
ical, and pathological (CEAP) grade.
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strongly associated with reflux in the popliteal and
posterior tibial veins. Six patients had a history of
deep venous thrombosis (DVT), proved by means
of duplex ultrasound scanning or venography.
However, it was suggested by means of duplex find-
ings that a higher proportion of patients may have
had undiagnosed DVT.
Deteriorating CEAP grade was associated with a
small but significant increase in the proportion of
limbs in which medial calf perforating veins were
detected (Fig 1). More importantly, a highly signifi-
cant increase also existed in the proportion of limbs
in which IPV could be demonstrated. In CEAP 0
limbs, only three of the 65 perforators imaged (5%)
were IPVs, compared with 193 of the 252 perfora-
tors visualized in the CEAP 5/6 limbs (77%). Both
the total number of perforators (Fig 2) and the
Table III. The relationship between maximum
diameter and the flow patterns of medial calf
perforators
Diameter Inward flow Outward flow Bidirectional 
(mm) only (n) only (n) flow (n)
1 37 2 –
2 92 4 8
3 63 4 56
4 29 4 118
5 5 2 66
6 3 1 49
7 – – 28
8 – 1 11
9 – – –
10 – – 1
11 – – 1
P < .0001, χ2 test for 3 × 2 contingency table.
Fig 2. Number of medial calf perforators imaged per limb and clinical, etiological, anatomical,
and pathological (CEAP) grade (P < .001, Kruskal-Wallis). Percentage of limbs showing each
number of medial calf perforators (P < .001, Kruskal-Wallis).
Fig 3. Number of incompetent perforating veins (IPVs)
imaged and clinical, etiological, anatomical, and patholog-
ical (CEAP) grade. Percentage of limbs showing each
number of incompetent perforating veins (IPVs; P <
.0001, Kruskal-Wallis).
JOURNAL OF VASCULAR SURGERY
142 Stuart et al July 2000
number of IPVs (Fig 3) per limb also increased sig-
nificantly with deteriorating CEAP grade.
The diameter of IPVs was significantly greater
(median, 4 mm; range, 1 to 11 mm) than competent
perforators (median, 2 mm; range, 1 to 6 mm; P <
.0001, Mann-Whitney U test), with most CPVs
(83%) being smaller than 4 mm and most IPVs
(81%) being 4 mm or greater in maximum diameter
(Table III). As a result, the median perforator diam-
eter increased significantly with deteriorating CEAP
grade (Fig 4). Less than 10% of perforators 2 mm or
smaller in maximum diameter were incompetent
(Table III).
DISCUSSION
The principal findings of the present study are
that, in patients with CVI, deteriorating CEAP
grade is associated with an increase in the prevalence
of IPVs, an increase in the number of IPVs per limb,
and an increase in the maximum diameter of the
duplex-detectable calf perforators insonated.
Advanced disease (CEAP 5/6) was also associated
with a significant increase in superficial, particularly
short saphenous, and deep, particularly distal,
venous reflux. These data support the work of other
authors and confirm that most IPVs exist in associa-
tion with superficial and/or deep venous reflux.
Isolated perforator incompetence appears to be
rare.12,13
We previously examined the effect of superficial
venous surgery on the flow characteristics and max-
imum diameters of medial calf perforating veins and
used this as the basis for a classification of IPVs.14 In
patients with isolated superficial venous reflux, erad-
ication of that reflux allows most IPVs to regain
competence.14 These so-called type I perforators
may be rendered incompetent because of saphenous
dilatation and reflux. Eradication of such reflux may
allow perforators to return to a (near) normal diam-
eter and regain competence. In contrast, IPVs in
patients with mixed superficial and deep reflux (type
III IPVs) are not rendered competent by means of
superficial venous surgery alone, presumably
because they are still being “fed” with refluxing
blood from the deep venous system. In these cir-
cumstances, the only means of preventing the out-
ward flow of blood through IPVs appears to be
interrupting them surgically or surgically correcting
the deep venous reflux or obstruction.
The crucial question facing surgeons is whether
hemodynamic or clinical benefits can be accrued
with perforator surgery, more than with standard
saphenous surgery, in patients with advanced CVI.
The present data strongly suggest that, with the
deterioration of CEAP grade, there is an increased
capacity for large volumes of blood to be expelled
down a pressure gradient through markedly dilated
low-resistance IPVs during calf systole. Further-
more, the current study has shown that there are
between one and four such low-resistance vessels,
each with a median diameter of 4 mm, in the typical
limb affected by venous ulceration.
Fig 4. Clinical, etiological, anatomical, and pathological (CEAP) grade and perforator diam-
eters. The percentage of perforators at each diameter is shown for the four clinical groups (P
< .0001, Kruskal-Wallis one-way analysis of variance).
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Although these proposed pathological mecha-
nisms seem logical, and the ulcer-healing benefits
claimed for perforator surgery seem plausible,15,16
the hemodynamic benefits of perforator surgery
have yet to be satisfactorily demonstrated in a clini-
cal situation.17 Our previous work has shown open
perforator surgery to be associated with hemody-
namic improvements in ejection fraction and refill-
ing time on foot volumetry. However, most of these
patients underwent concomitant saphenous surgery,
and the hemodynamic benefits of surgery were
much less impressive in those patients who had
popliteal, in addition to superficial venous, reflux.7
To date, the only study that has used staged surgical
intervention in an attempt to separate the hemody-
namic effects of superficial (saphenous) and perfora-
tor surgery demonstrated no additional benefit from
the latter.18 The clinical aspects, by using robust end
points of ulcer healing and recurrence rates, have yet
to be adequately addressed. This can only be
achieved within the confines of a randomized con-
trolled trial.
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